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ABSTRACT 


96 impultiv* and non-iMPulslua sounds worn rated For 
annoyanot by 10 subjects. The sianals had the saae anplitude 
sreotrutt with a MaKimua freeuenoy of 4.75 KHz. By ohanain* the 
phase of the speotral coMPonents different levels of iapulsivity 
were obtained. The two iapulsive sianals and the one non* 
iMPulsive sianal were created by Placina the spectral oowponents 
in cosine, sine, and random Phase respectively. The sianals had 
coeffioients of iwpulsivity of 10.8. 7.9. and -0.2 respectively. 
Further, sianals had intensity levels 99 and 95 dBA. pulse 
repetition rates 10 and 20 Hz. and half the sianals had pink 
noise added at a level 12 dBA lower than the level of the sound. 
Each sisnal lasted 3 seconds and was repeated 4 tiaes. The 
sianificant results werel The Four females and six male subjects 
rated the impulsive sounds respectively 3.7 dB less annoyina and 
2.6 dB more annoyina than the non-impulsive sounds. Overall, 
impulsivity had no effect. The hiah pulse repetition rate 
increased annoyance by 2.2 dB. Addition of pinK noise increased 
annoyance of the non-impulsive sounds 1.2 dB. but decreased the 
annoyance of the impulsive sounds 0.5 dB. 
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THE ANNOYANCE OF IMPULSIVE HELICOPTER NOISE 
P. HvnoKelr A. AhUMada 

Joint Institute for Aeronautics and Aooustios 
Department of Aeronautics and Astronautics 
Stanford UniuersitVr Stanfordt California 94305 

INTRODUCTION 

The necessity and usefulness of a correction for 
impulsivity in predictina the annoyance of helicopter sounds is 
a matter of controuersy. Helicopters tend to produce pulse 
trains in which most of the eneray is concentrated in a small 
proportion of the pulse period. Some have felt that this 
impulsive <iuality of the sound leads to a arcater annoyance than 
would have been predicted on the basis of the amplitude spectrum 
of the sound. To test this hypothesisr field tests and 
laboratory studies have been done with results usually ranaina 
From no apparent effect of impulsivity (ref. 1-4) to apparent 
impalsivity effects correspondina to intensity effects up to 7 
dB (ref. 5-11). Some studies have even found impulsive noise to 
be sliahtly less annoyina (ref. 12-14). 

Procedures have been proposed for correctina spectrum- 
amplitude based measures of annoyancer such as EPNdBr for the 
effects of impulsivity. The most popular proposals are the 
crestfactor (CF) and the coefficient of impulsivity (Cl). Both 
are desianed to be added to the PNdB level For a 0.5 s period. 
The formulas are 

CF = L(peaR) - L(rms) - 12 

where L(peak) is the peak A-weiahted sound pressure level and 
L(rms) is the root-mean-s*»uare A-weiahted sound pressure level 
for the periodf and 

Cl = (IB loa (S/P*^)) - 2.4 

where P is the rms A-weiahted sound pressure and S is the rms 
value of the difference between the square of the sound pressure 



4 


and the s«iuare of P. The proposed oorreotions are limited to a 
maximum of 6 dB. 

In the studies referenced above? when impulsivitr as 
measured by the above formulas was varied? other features of the 
sounds varied at the same time. The lack of aareement in the 
studies about the effects of impulsivity could have been mainly 
a result of the inability of the EPNdB or other similar measures 
to correctly account for the effect on annoyance of these other 
factors. 

In 1980 (ref. 14) we conducted three studies in an attempt 
to compare the annoyance of sounds that differed in impulsivity 
but were otherwise as similar as possible. The pulse trains 
were constructed with identical Fourier amplitude spectra so 
that all features which depend only on the amplitude spectrum 
and its slow time history were the same for these pulse trains. 
Impulsivity as defined by the above formulas was varied amona 
the pulse trains by varyins the relative phases of the Fourier 
series components. The computer used for these experiments only 
allowed spectral components with frenuenoies up to 600 Hz. 

Three nearly identical experiments were run. The second was 
run as a replication of the first because we were so surprised 
at the results. Only one aspect of the procedure was chansed? 
the duration of the sounds was increased from 3 s to 12.5 s 
because most of the earlier studies had actual or simulated 
f 1 yovers with durations lonaer than 3 s. The third experiment 
was another replication desianed to make the experiment more 
similar to the other studies done in this area. Other studies 
typically used volunteer subjects havina a wider an older aae 
ranae than that of our colleae students? so we replicated the 
experiment on volunteer secretaries from the department. 

The main results of these three experiments are summarized 
in table I. The experiments are described in details in ref. 14. 
We found that subjects rated the impulsive sounds sianif ioantly 
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list annoxina undtr all thrat CNParimtntal conditions. Thost 
rtsultf contradicts most other results reported in the 
litterature. 

The present stud/ was designed to analyse these difPerenoes 
more closely. The sound Prom real helicopters and airoraPts have 
Presuenoy components oP much higher Presuenoies than used in the 
described experiments (where the max. Pre«iuenoy was 600 Hz). 

Our new computer allowed us to use signals with much higher 
Preguencies (up to 19 KHz). 

Further* the impulsive signals used in the Pirst three 
studies consisted basioly oP a sound impulse repeating itselP* 
but with no noise between the impulses. Noise Prom real 
helicopters consists oP a mixture oP many sound sources* P.ex. 
the noise impulses created by the main rotor superimposed on the 
more constant engine— and wind noise. We therePore used 
impulsive signals that sometimes had a random noise signal 
superimposed. 

Finally* we wanted to test whether the slope oP the 
impulsive wavePorm would be a better predictor Por the annoyance 
than the impulsivity. We therePore used impulsive signals with 
diPPerent soundpressure slopes. We should emphasize here* that 
all sounds* impulsive and non-impulsive* with the same pulse 
repetition rate* had identical amplitude spectra. The 
experiment itselP was done under controlled laboratory 
conditions with a design appropriate to minimize the ePPeots oP 
experimental noise on the data. 
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EXPERIMENT 

Method 

Sub Jeote 

Nine Stanford University underaraduate students and one 
middleaaed laboratory technician served as subjects. They were 
run individually and each received f 4 for rartioiratina. All 
claimed normal hearina and uere naive toward the eKrerimental 
purpose and procedure. 

Apparatus 

An Apple II microcomputer supported by two disk drives was 
used both for aeneratina the stimuli and for oontrollina the 
experiments . 

The synthesized sianals were stored in the memory of the 
computer. They were output at a samplina rate of 30 KHz throuah 
a Teomar model "Apple D/A DAlOi* 12 bit diaital-to*>analoa 
converter. The sianals were mixed with white and/or pink noise 
at different levels in a self desianed switch box and sianal 
mixer which was controlled by the computer. A two staae Krohn~ 
Hite 3323R active filter was set to low pass the analoa output 
below 4.7 KHz to minimize diaital rinaina. A Sony TA-F30 
Intearated stereo amplifier feedina a set of K0S8 Pro/4AAA 
dynamic headphones binaurally completed the sianal path. 

The sound levels were initially calibrated with a Bruel & 
KJaer 2203 sound level meterr and a Bruel & KJaer 4103 
artificial ear. Mhen runnina the experiments levels were 
calibrated with a Ballantine true rms voltmeter model 320A 
connected parallel over the headphones. 

Stimuli 

The oriainal waveform used was synthesized usina the model 
shown on fia. 1. This is an idealized helicopter noise impulse 


model of Boxwell and Schmitz (ref. 15). The parameters used For 
the waueForm in this series oF experiments were tau^^S mseo.v 
eta>Or beta«Or which means the orisinal impulse is a trianaular 
waue lastina 5 msec. This impulse was repeated each 100 msec 
creatins a pulse repetition rate oF 10 Hz. This waueForm was 
Fourier analyzed. The obtained Fourier spectrum was modified 
and used For the synthesis oF three stimuli. Components aboue 4 
KHz were gradually attenuated proportionally to their Frequency 
in a way so all Frenuenoies aboue 4.75 kHz were totally 
attenuated. The resulting spectrum is shown on Fia. 2 labelled 
'no pinK noise'. It is obuious that the signal has most of its 
energy at low Frequencies. Parts oF the spectrum between 0 and 
1 KHz are Plotted magnified on Fig. 3. The spacing between the 
spectral lines is 10 Hzr which is the same as the pulse 
repetition rate. The three waueForms used in the experiment 
were all synthesized From the same spectrum and are shown on 
Fig. 4. 

Figure 4 shows the time history of the three signals. 
WaueForms labelled A are measured at the output oF the 4.7 KHz 
lowpass Filter. The waueForms labelled B are measured as the 
microphone' output From the artificial ear and should represent 
the waueForm oF the signals at the subjects' eardrums. These 
waueForms are shown enlarged on Fig. 5. 

The waueForm named 'cosine' waue was synthesized using the 
spectrum on Fig. 2 with each spectral component at its original 
Phase. This signal is also a maximum impulsiuity signal as it 
haue all its components in cosine Phaser which creates impulses 
of maximum height. 

The waueForm named 'sine' waue was synthesized by using the 
same spectrum by putting all spectral components in sine phase, 
which means that all components will haue a positiue slope at 
time 0. Consequently, we obtain a signal with maximum steep 
slope . 
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The third waueform named 'random' was aenerated hr puttina 
each spectral component at a phase randomly between zero and two 
Pi. The coefficients of impulsivitv for the sianals 'cos' and 
'sin' are 10.8 and 7.9 respective! Xr well above the maKimum 
proposed correction of 6 dB. The random waveform has a 
coefficient of impulsivity of -0.2. 

On output the pulse trains were subject to three 
manipulations. First, the sianals were manipulated so the pulse 
repetition rate was either 10 or 20 Hz. Second, the intensity 
was varied between 89 and 95 dBA by the swithcboK/mixer. Third. 
pinK noise was superimposed on half of the sianals throuah the 
switchboK/mixer 'at a level 12 dBA lower than the level of the 
sound from the computer. The resultina combined spectrum is 
shown on fia. 2 labelled 'with pink noise'. The pink noise is 
> perceived as fairly loud when the sound is impulsive (sianals 

'cos' and 'sin'), but hardly audible when the sianal is non- 
impulsive ('rnd'). The level of the pink noise is so low that 
the overall level of the sianals as well as the coefficients of 
I impulsivity do not chanae. All sianals had a white noise masker 

■ sianal added in order to mask a low level, hiah frequency 

I rinaina sound specially heard with the 'sin' waveform (probably 

caused by imprecissio:; in the sianal synthesis calculation). The 
level of this white noise masker was 54 dBA. and the noise was 
hardly noticeable. 

It should Finally be mentioned that all sianals with the 
same pulse repetition rate have the same spectrum. The sianals 
with 20 Hz pulse repetition rate were aenerated by dumpina every 
second value of the waveform. This means, that the spectrums of 
the sianals with 10 and 20 Hz pulse repetition rates are not the 
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Procedure 

Subject* were tested indiuidual 1 y . They were instruoted 
that they would hear a series of sounds lastina 3 seconds each. 
They were to rate the sounds for annoyance on a scale from one 
to nine with one beina "least annoyina"f 9 beina "most 
annoyina". It was stronaly emehasi2ed that the subject should 
use the full answer ranae if possible. To this end* the subjects 
first heard all 24 sounds in the "presentation trials". Then the 
subjects did between three and eiaht "practice blocks" each 
consistina of 8 trials. The ratina was done uerballv after each 
sianal finished and was entered into th«i computer by the 
eMPcrimenter . The subjects continued with practice blocks until 
they used the full answer ranae reasonably well. 

Now the eKPerimental sequence took place. When finishedr 
the subjects were asked about their opinions and feelinas about 
the soundsr the eKPerimental procedurer and the ratina scale. 

Finally, they were debriefed concernina the content and the 
aims of the eKPeriment. A complete session lasted approximately 
45 minutes. 

Oesian 

A within subject completely factorial randomized desian was 
used. The subjects were each presented a different random order 
of 96 experimental trials. This resulted from the orossina of 
the three waveforms (cos. sin.rnd) with two levels each of pulse 
repetition rate (10. 20 Hz), sound intensity (89 dBA. 95 dBA). 
noise (pink noise at a level either eeual to 0 dBA or 12 dBA 
under the sound intensity) and four replications for each 
combination of these factors. 


RESULTS 

Results will be reported as statistically sianificant if 
the level of sianificance exceeds p<.01 unless otherwise 
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•pteif ltd. 

Tablt II shows th» mtans of ths anno/anoo ratinss for oaoh 
subJsot auoraaod ootr tht Pour rtrlications of aaoh sianal. 

An analysis of varianot (ANOOA) was conduotad on tho 
ratinss from oaoh subJoot straratoly usins tho poolod 
intoraotions with roplications as tho orrortorm. This analysis 
showod tho followina! 

- Nino of tho ton subJoots ratod tho sounds sisnif ioantly 
difforont. T-tosts porformod fo" oaoh individual showod 
that no subJoot ratod tho two impulsivo sounds (oosrsin) as 
sianif icantl y diffforont at ovon tho .05 lovol of 

sisnif icanoo. All oKOOPt subJoct 10 ratod oaoh of tho 
impulsive sounds as sisnif ioantly difforont from tho non- 
impulsive sound. Butr tho subJocts did indood not asroo 
about whothor the impulsive sounds wore more or loss 
annoyins than the non<-imPUlsivo sounds. 

- All subJoots rated the 95 dBA sounds sianif ioantly more 
annoyins than the 89 dBA sounds. 

- Eiaht of the ten subJeots rated tho sounds with 20 Hz pulso 
repetition rate as sisnif ioantly more annoyins than tho 
sound with 10 Hz pulso repetition rate. Subject 4 ratod tho 
hish pulso repetition rate sound as sianif ioantly loss 
annoyins than the sound with low pulso repetition rate. 
SubJoct 1 showed no sianificant (p<.0S) effect of pulso 
repetition rate. 

- No clear tendencies were apparent For the sound with or 
without pinK noise superimposed. Subject Ir 2r and 10 ratod 
the sounds with PinK noise as sisnif icantl y (p<.05) loss 
annoyins than sounds without PinK noise. SubJeots 3rSr and 
9 rated the sounds with pink noise as sianif icantl y (p<.05) 
more annoyins than sounds without pink noise. 

- A few different interaction terms showod sisnif icanco. 

These will be described later. 
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It appears from tablt II. t'<iat ttK it an AMPortant factor in 
the ratina of the effect of i.mrultiuity . Thit variable uat not 
rart of the oriainal detian> to the tisnifioance of itt effects 
are rrobablr overettimated. All tubJeett are rorled in "arour 
ALL". For the take of further analrtitr the tubJ.ectt will be 
split UP in two tubaroupt bated on teMr with the 8 male in one 
aroup and the femalet in the other. An ANOVA was performed 
with teK at a aroup variable and all others at repeated 
measures. The sound Factor was not a sianifioant main effeotr 
but it interacted sianifioant 1 / with the sen factor. 


Separate repeated measures ANOVAs were done for the two 
aroupt to clarify’ the nature of the interactions with tea. 

The mean ratinas for the 2 tubaroups and for all tubjeott 
pooled are shown in table Illr where also tianifioance levels 
are shown. The averaae standard deviation for replioations of 
the same sound was 1.38 for malesr 1.33 for femalesr and 1.36 
overal 1 . 

The males rated the impulsive sounds an averaae of 1.1 
points more annoy'ina than the non-impulsive soundsr whereas the 
Females rated the impulsive soui.:.'^ 1.6 points less annoyina. The 
impulsivity effect was sianifioant at the .03 level of 
sianifioance for the females. Mhcn all subjects were pooledr the 
subjects on averaae rated impulsive and non-impulsive sounds 
nearly caually annoyina. 


The 95 dBA sounds were rated 2.6 points more annoyina than 
the 89 dBA sounds for all three aroups. and this effect was 
sisnif icant. 

Sianals with 20 Hz pul::e repetition rate were for the three 
aroups rated 0.8r 1.2r and 0.9 points more annoyina than the 
sianals with 10 Hz pulse repetition rate. The effect was 
sianificant only for the last two arouPs. 
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Ths addition oF pink noiso to the sianals did not have a 
sianiFicant maincFFeot on the annoyance ratinae. 

The replication eFFeot was sianiFioant and reFleoted an 
increase in annoyance ratinas over trials. The mean ratine For 
all subjects were For the Four rcplioationsl 3.82. 5.83. 6.24. 
and 6.31 points respectively. The replication eFFeot interacted 
sianiFicantly with intensity! The ratinas arew lets with time at 
the hiah intensity. 

Few interactions were sianiFioant. Sound type interacted 
sianiFicantly with the noise Factor! The mean ratina For the 
impulsive sound decreased 0.23 points when pink noise was 
superimposed r whereas the mean ratina For the non-impulsi ve 
sound increased 0.53 points when the noise was present. The 
three way interaction between the Factors pulse repetition rate, 
noise, and sex showed sianiFioance. Both males and Females 
rated the 20 Hz pulse nepetition rat^ sounds as on averaac ^.5 
points less annoyina when pink noise was superimposed than when' 
no noise was added. The same eFFeot was present For the males 
For sianals with 10 Hz pulse repetition rate. But the Females 
rated these sianals as 1.0 point more annoyina when pink noise 
was present than when no noise was added. 
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DISCUSSION 

One oF the Factors in the experiment was intensity. The 6 
dB diFFerence between the two levels oF this Factor and the 
correspondina averaae ratina oF these two levels make it 
possible to translate ratina diFFerences into a dB diFFerence 
For all Factors usina linear interpolation. By applyina this 
method to table III we set table lU. 

Table IM presents the mean ratinas oF each Factor averaaed 
over all other Factors and replications. From this table it is 
clear that the eFFect oF impulsivity is more complex than the 
results From our earlier (1981) experiments which are summarized 
in table I. In those experiments the maximum Frequency oF the 
spectrum was 600 Hz. Me Found then that the subjects on averaae 
rated the impulsive sounds respectively 2.7r 3.5 and 4.5 dB less 
annoyina than the non-impulsive sounds in the three experiments. 
This eFFect was sianiFicant at a .01 level in each experiment. 
This is clearly not the case in the present experiment. 

The results (see table II and IV) revealed that impulsivity 
(sianals 'cos' and 'sin') on averaae had no eFFect on annoyance. 
But iF we look at the individual scores it becomes apparent that 
the sex oF the subjects seeminalv has an important eFFect. All 
Females rated impulsive sounds sianiFicantly less (3.7dB) 
annoyina than non-impulsive sounds. Most oF the 6 male subjects 
behaved exactly opposite^ and on averaae they rated the 
impulsive sounds 2.6 dB more annoyina than the non-impulsive 
sounds. The eFFect For the male subjects was not sianiFicant. 
thouah. A closer look at the male subjects revealed, that the 
one subject, that rated opposite the rest oF the male subjects 
was the older subject (aae approximate! y 50). This thereFore 
suaaests that also aae miaht have an important inFluence on 
annoyance oF impulsive sound. 

This aaeeFFect is in opposition to the results From our 
1981 experiments were we exactly tested For the aae eFFect. and 
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Found no sisniFicant eFFect. The difference between the 2 
series oF eKPeriments is the increased hiah Preauencr content of 
the present sianals. But any conclusion concernins aae effect 
must await further testina. 

If we exclude the 'old' male subjects the rest of the male 
subjects rate the impulsive sounds as sianif icantly (4.1 dB) 
more anno/ina than the non-impulsive sounds. 

Mhether this sexual (and maybe aae) difference in annoyance 
of these impulsive sounds is a aeneral characteristic or a pure 
coincidence in this experiment would require further testina. At 
the moment we can only hypothesize about the reasons for these 
difference . 

Several of the male subjects mentioned that they had a 
distinct physical Feelina of discomfort when they listened to 
the impulsive sounds. They felt that somethina pounded on their 
head and eardrums and typically said! "The beats are aettina at 
me". None of the Female subjects expressed these sensations. 

As mentioned earlierr t-tests revealed that subjects didn't 
rate the cosine and sine phase impulses sianif icantly different. 
Thereforer the increase in slope did not influence the perceived 
annoyance oF the impulsive sianals. 

The effect of pulse repetition rate was in the 1981 series 
of experiments reported in table I very smallv thouah the 
tendency was towards increased annoyance For increased pulse 
repetition rate. This phenomenon is more pronounced in the 
present experiment, where a pulse repetition rate of 20 Hz on 
averaae sianiFicantl y increased the annoyance 2.2 dB over noise 
with pulse repetition rate of 10 Hz. It appears that increased 
Frequency spectrum maKes the eFFect of pulse repetition rate 
much more pronounced. 


The analysis also showed that the annoyance increases 
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sisniFicantly over trials (up to 1.1 dB after 4 trials). This is 
not surprisins. Annoyance is aenerally considered as correlated 
to durationf so the lonser duration increases annoyance. This is 
confirmed here. 

Finally^ the noise factor. Half of the sianals had pinK 
noise (also cutoff at 4.7 KHz) superimposed at a level 12 dBA 
under the level of the sianal. This doesn't increase the 
overall sound pressure level nor the coefficient of impulsivity 
of the sianals. The noise had no effect on the annoyance by 
itselff althouah the pinK noise was perceived as fairly loud 
when the sianal Mas impulsive. On the other handr the pinK 
noise had a sianificant effect (level .05) in interaction with 
the sound factor. 

Addition of the pinK noise increased the . ^nnoyanoe of the 
non-impulsi ve sounds 1.2 dBr but it decreased the annoyance of 
the impulsive sounds with 0.5 dB. As some subjects expressed it: 
"The bacKaround noise had a soothina (or mufflina) effect". 

This is an interestina example of a situation where annoyance 
can be decreased by addina more noise. 

The noise level was 12 dBA under the sianal level. Me 
don't expect that we Just by increasina the level of the pinK 
noise can decrease the annoyance of the impulsive sound much 
more. But further research is needed to clarify this question. 

Finally, a few remarKs concernina the use of a limited 
ratina scale. The annoyance scale used was limited to ratinas 1 
throuah 9. A problem with this Kind of scale can be a certain 
floor and/or ceilina effect. Uthether this was the case here is 
hard to say. Me found that intensity interacted sianif icantly 
with replication. Low intensity sianals increased in annoyance 
over replications, whereas ratinas of hiah intensity sianals 
stayed the same. This could indicate a ceilina effect in the 
way that subjects started out with hiah ratinas of the hiah 
intensity sounds. Even if these sianals became increasinaly 
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annoyina over trials there was not much room left on the scale 
For hiaher ratinas. Mhether this is caused by a ceilina effect 
or other reasons can probably only be tested with an experiment 
usina an open-ended ratina scale. On the other hand» the 
subjects were asKed about their feelinas about the scale used. 

No one felt that they were limited by the scale! most actually 
felt the scale was too wide. 

Concludina we can say that the increase in frequency 
content of the impulsive sianals compared to our 1981 
experiments had certainr distinct effects. It confused the 
annoyance characteristics of impulsive soundr created distinct 
sex differences in annoyance ratinas r and increased the effect 
of hiah pulse repetition rate. The results do still not support 
most of the research done elsewhere which stated tnat increased 
impulsivity leads to increased 'annoyance. • 
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Table I. EFPects of impulsivit/ and pulse repetition rate on 
annoyance in three experiments expressed in dB 
. relatiue to one level of each factor. Level of 

sianifioance is indicated. Exp. K Mean aae of 
subjects B 19 yearsr sisnal duration 3 sec. Exp III 
Mean ase of subjects = 19 yearsr sisnal duration 12.9 
sec. Exp. IIII Mean ase of subjects > 36 yearSr 
sisnal duration 3 sec. 

(From Ahumadar Fish# Henckel (1981) - ref. 14). 
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EXPERIMENT 


1 II III 


SOUND IMP. - NON-IMP. -2.7 ** -3.5 *♦ -4.5 ** 


PULSE 

REP. 20Hz - lOHz +1.5 * +0.3 +1.1 

RATE 


saaaaaaaaasaaaa 


aaaaaaaaaasaaaaa 


♦ 


p<0.01 

p<0.05 


20 


Table 

II. 

Mean 

annoyance ratina 

ouer 4 

replications 

for 




each 

subject 

m 








a a s n s s 

a a aa a 

3 a 8 a a 

( a a a 3 

aaaaaaaaaaaaasaaa 

aaaaaaaa 

e 3 a aa a 

aaaaaaaa 

1 a a a 

SOUND 


IMPULSIVE 

IMPULSIVE 

NON 

1- IMPULSIVE 

-PHASE 



-cos 



-SIN 



-RANDOM 


PULSE 

REP. 













RATE, 

Hz 

10 

20 

10 

20 

10 

20 

PINK NOISE 

— 

+ 

— 

+ 

— 

+ 

— 

+ 

— 

+ 

— 

+ 

SUBJ. 

INT. 













-SEX 

dBA 














89 

5.0 

3.0 

3.3 

3.8 

5.5 

4.3 

5.0 

4.3 

3.0 

3.8 

3.8 

4.5 

1-M 

95 

in 

• 

5.8 

7.3 

5.3 

7.8 

7.0 

8.8 

5.8 

5.3 

4.0 

5.3 

4.8 


89 

6.5 

3.8 

6.8 

5.5 

5.3 

5.5 

7.0 

5.0 

2.3 

2.3 

2.5 

4.3 

2-M 

95 

7.5 

6.8 

9.0 

8.5 

6.5 

6.8 

8.3 

8.0 

5.0 

5.3 

7.0 

7.5 


89 

4.3 

4.3 

5.5 

3.8 

3.5 

4.5 

5.0 

4.3 

3.8 

5.3 

6.5 

7.3 

3-F 

95 

5.0 

7.5 

6.8 

8.0 

6.8 

7.8 

7.5 

8.5 

8.3 

9.0 

8.8 

9.0 


89 

6.8 

7.3 

4.5 

5.0 

7.5 

7.0 

4.0 

6.3 

3.8 

4.5 

4.5 

5.3 

A-M 

95 

8.5 

8.5 

8.3 

7.8 

9.0 

9.0 

8.3 

8.5 

7.3 

6.8 

6.8 

7.5 


89 

5.3 

5.5 

6.5 

4.8 

3.8 

3.8 

7.0 

4.0 

2.0 

2.3 

2.0 

2.9 

5-M 

95 

6.8 

7.8 

8.8 

8.5 

5.8 

7.5 

9.0 

8.8 

3.8 

5.5 

6.3 

7.8 


89 

2.3 

3.8 

o 

a 

in 

5.5 

4.8 

2.3 

5.8 

5.3 

7.3 

7.5 

6.8 

7.5 

B-M 

95 

5.3 

5.3 

7.5 

7.8 

7.0 

8.0 

8.5 

7.8 

9.0 

9.0 

8.8 

9.0 


89 

3.3 

2.8 

4.8 

5.0 

3,5 

3.8 

4.3 

3.5 

1.8 

2.0 

3.0 

3.5 

7-M 

95 

7.8 

5.0 

8.5 

8.8 

7.0 

5.8 

8.5 

8.3 

3.5 

5.0 

5.8 

6.0 


89 

2.8 

3.3 

7.0 

4.0 

2.3 

4.3 

6.0 

4.5 

4.5 

6.5 

6.8 

7.3 

8-F 

95 

6.3 

7.0 

9.0 

7.8 

5.3 

7.3 

7.5 

7.5 

7.3 

8.3 

R.B 

9.0 


89 

2.3 

5.5 

4.3 

4.5 

2.5 

4.0 

4.8 

5.0 

6.5 

7.3 

8.0 

8.8 

9-F 

95 

5.3 

7.3 

7.3 

6.8 

4.0 

7.5 

6.8 

7.0 

8.5 

9.0 

9.0 

9.0 


89 

5.0 

1.8 

6.5 

4.8 

5.0 

5.3 

7.3 

5.3 

5.5 

5.5 

6.8 

5.3 

10-F 

95 

7.3 

7.8 

9.0 

8.3 

8.0 

/.8 

8.8 

8.8 

6.8 

8.5 

9.0 

9.0 

11 

II 

It 

11 

II 

II 

; a a a s s 

. 

SSSRS 

,S3s: 


a a a a : 

s a a a : 


SSSSI 

a a 3 a 3 : 

>S = SI 

a a a 8 : 

a a a a 


21 


Table III. Mean ratinas For dlFferent aroup* oF the 10 

subjects aueraaed over repetitionsr subjects and 
all other Factors. The sounds 'cos'* and 'sin' 
are impulsiMe» 'rnd' is non-impulsiue. The pinK 
noise had a level 12 dBA lower than the level oF 
the noise it was superimposed to. Levels oF 
sianiFicance are shown. 


cstaassasa33Bnss3S = = sxss3S3»sa333axxsaixsB3asKBaKas 



SUBJECTS 

MALES 

FEMALES 

ALL 


ORIG 

6.1 

5.8 * 

6.0 

SOUND 

SIN 

6.3 

5.9 * 

6.1 


RND 

5.1 

7.4 
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INTENSITY 

89 dBA 
95 dBA 
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7.1 ** 
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7.7 ** 
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7.4 ** 
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** p<0.01 

* p<0.05 
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Table IV. Mean ratinas in dBA relative to one level of each 
factor For different aroups of the 10 subject* 
averaaed over subjects and all other factors. The 
so’jnds 'cos' and 'sin' are impulsive. The sound 
'rnd' is non-impulsi ve . The level of the pink 
noise was 12 dBA lower than the level of the 
noise it was superimposed to. 


subjects: males females all 
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- RND 
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+8.0 ♦* 
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REP. 
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+ 1.8 

+2.7 


+2.2 ♦♦ 

PINK 

NOISE 

' yes ' 

- 'no' 

-0.4 

+0.8 


+0.1 
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aaaaaaaa 


** p<0.01 

* p<0.05 


INCREASING 1} 




,«t.O 




H,h_VvJM 




Idealizad analrtio halicopter impulse. In this 
experimsnt tau»5 msecr beta»Or and eta«0 (from 
ref. 15). 
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NO PINK NOISE 


-50 

-70 


WITH PINK NOilSE 


FREQUENCY, Hz 


-90 


Powerspectrum of all sianals with 10 Hz pulse 
repetition rate. Upper curve is spectrum for 
sianals without pinK noise. The 'floor' at -90 dB 
is cr»ated by the spectrum analyzer and not by the 
amplitude of the spectral components. Lower curve 
is spectrum For sianals with pinK noise 
superimposed at a level 12 dBA under the level of 
the sianal. 
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FREaUENCY, Hz 


Fia. 3 Power sreotrum for all sianals with 10 Hz rulse 

repetition rate in the Freauencr ranae 0 to 1 kHz. 



AMPLITUDE, VOLTS 





TIME, MSEC 


Fis. 4 Time history of the three waoeForms used. All 

haoe pulse repetition rate 10 Hzr and all have the 
same amplitude spectrum (see fia. 2). The sianals 
are named acccordina to the phase of their 
frequency components. The waveform labelled A is 
the output of the 4.7 KHz low^pass filter. The 
waveform labelled B is the microphone output from 
the artificial ear. 
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TIME, MSEC 


Fia. 5 Tii)» Sii>t.or)' of th» thre* waveform* used. »11 

haue pulse repetition rate 10 Hz and all have the 
same amplitude spectrum. The sianals are named 
accordins to the phase of their fremuencv 
components. Sianals are measured as the 
microphone output from the artificial ear (same as 
B waveforms on fia. 4) and should represent the 
waveform of the sianals at the subjects' eardrums. 


